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Phenomenography is an area of research which focuses on identifying and describing the 
qualitatively different ways in which people understand phenomena in the world around 
them. Two topics were selected for the purpose of understanding the various ways students 
relate to significant aspects of Civil Engineering. Integral to the study was the use of 
student group discussions which were recorded and analysed. It was possible to identify 
and describe the different conceptions of learning held by students in relation to specific 
engineering phenomena and to investigate the implications of these findings for teaching 
enhancement and curriculum development of Civil Engineering. 
 
 
Introduction 
In order to enhance teaching and thereby increase the likelihood of more effective 
learning, it is essential to gain a better understanding of how students learn. A project 
nearing completion at the Queensland University of Technology is making use of 
phenomenography to study the way in which students learn across a number of 
Faculties. This paper reports on the results of the study undertaken as part of that 
project within the School of Civil Engineering. 
 
Phenomenography is an area of research which focuses on identifying and describing 
the qualitatively different ways in which people understand phenomena in the world 
around them (Marton 1983). Underlying phenomenography is the assumption that 
human beings are guided in their action by interpretations they have constructed of 
particular phenomena (Saljo 1988). Phenomenographic researchers share the 
conviction that improvement of complex activities such as learning requires an 
understanding of the interpretive nature of this relationship. 
 
After a brief discussion of the methodology used, and the overall study design, the 
paper describes work carried out with a group of third year Civil Engineering 
students. Two topics were selected for the purpose of understanding the various ways 
students relate to significant aspects of Civil Engineering. The topics covered were 
chosen from structural analysis and traffic engineering subjects. Integral to the study 
was the use of student group discussions which were recorded and analysed. In 
addition the two lectures concerned were interviewed in depth about teaching 
objectives and techniques. 
 
Case Study 1: Structural Analysis  
A particular topic, method of moment distribution, which is a simple and popular 
method for analysing structures, was chosen for the project. Two groups of seven 
students each were chosen to reflect a cross-section of the academic performance of 
the class and consisted of some high achievers, some average students and at least one 
student with low performance. Each group was informed of the nature of the project 
and its goals. They were then asked to discuss how they learnt and understood the 
method of moment distribution. While the discussion was in progress, it was video 
and audio taped. The audio tapes were transcribed and the main outcomes are 
described below. 
 
Learning in Class 
It was evident that most of the learning and understanding of the topic took place 
during the lectures, which the students believe were delivered at an easy pace. The 
students appreciated the time given for questions and benefited from discussions 
which normally follow such questions. An important part of the learning process was 
the application of the theory to solve real world problems. This was achieved by the 
examples discussed during the lectures. This point brought about an important quality 
in a lecturer, viz; that he/she should have practical experience. Relevance of the 
theory to real world engineering made the learning process more interesting and 
efficient. In this context the students diverged somewhat to discuss the shortcoming in 
subjects such as mathematics which were taught by non-engineering lecturers who did 
not usually indicate the applications of the theory. Examples discussed in the class 
also helped the students in working problems outside class to reinforce their 
understanding. 
 
Most students made additional points to lecture notes to assist them in their learning. 
In this topic and in this subject, the need to revise previous work before the lecture 
was emphasised. When this was not done, the students found it difficult to follow the 
lecture. 
 
The lecturer fully endorses the students’ views on all the above matters. In a subject 
such as structural analysis learning is via understanding and most of this has to be 
achieved during the class. Moreover, in the subject under review, theory pertaining to 
a topic such as moment distribution is developed over several weeks and therefore 
continuity in understanding and learning, which often needs revision of previous 
work, is most important. 
 
Learning outside class 
In this subject, it seemed that students preferred to work in groups of about four. This 
enabled them to complement and supplement each other’s understanding and improve 
their overall learning ability. Problem solving, as mentioned earlier, is an important 
aspect of the learning process in this unit and hence the students spent a great deal of 
time in working problems, both for the sake of assignments and for the sake of 
improving their skills in this area. In their discussion, it was apparent that the few 
examples discussed by the lecturer in class went a long way in helping students with 
their problem solving. Some students studied and understood the worked examples 
prior to attempting problems outside class, while the others started on the problems 
and referred to the examples only when necessary. 
Students had also to spend time at home reading through the notes and/or the text 
books to learn the theory. While doing so, they often encountered difficulities. When 
this happened they approached the lecturer in his office and discussed the difficult 
areas with him. In this respect, the students appreciated the availability of the lecturer 
to fill in the holes, when required. In a subject such as structural engineering, this 
happened many times. Hence, it was imperative that the lecturer was willing and able 
to spend time with the students. This brings to attention that it will be difficult and 
inefficient to have such a subject taught by a part-time lecturer, who will not be 
available to the students when they need him or her most. 
 
The lecturer, once again, endorses the students’ views and emphasises the importance 
of problem solving as the most important means of understanding and learning this 
topic and this subject. He also encourages group work and stresses the need for 
lecturers to be available to helps students with difficulties. 
 
 
Case Study II: Traffic Engineering  
Two groups of six students each discussed the way in which they learnt the material 
covered in three lecturers as part of traffic engineering, a third year subject. The topic 
of the three lectures was urban transportation planning, with both the methodology 
and techniques used to forecast travel demand being covered. The topic is designed as 
an introduction to be expanded upon in a final year subject. 
 
Most of the students who took part in the case study 1 described previously, also 
participated in these discussions. The main issues to arise from the group discussions 
can be conveniently categorised into three headings, namely: the role of the lecture; 
learning outside the lecture; and the role of assessment. The following sections 
provide a summary of the issues raised by the students. 
 
The Role of the Lecture 
The frequent use of ‘real world’ examples is essential for three reasons, namely: to 
make material relevant and therefore worth learning; to make the ‘theory’ fit into 
relevant applications; and to reinforce the potential uses of the topic in a future career. 
 
The use of hand-outs should be restricted to more detailed flow-charts to save ‘note 
taking’ time. Students should be given the opportunity to fill-in the ‘gaps’ during the 
lecture. Understanding will be enhanced if the notes taken during class are mainly 
students’ summaries of the material covered. 
 
The use of frequent questions by the lecturer is useful in helping with the writing of 
notes during the lecture. Students need to be able to ask questions either during the 
lecture or soon afterwards (eg. in a tutorial class). The lecturer’s approach to 
classroom interaction has a significant influence on how much students will learn in a 
subject. The use of discussion as part of the lecture was strongly supported. 
 
Class size was considered important in learning outcomes. Large classes were 
universally condemned as they discourage interaction with lecturer. 
 
Learning Outside the Lecture 
Discussion centred on the need for tutorial sessions to enable students to work in 
smaller groups on applying what was taught in lectures. Students need to feel they can 
ask the ‘silly questions’, without feeling intimidated by the lecturer or tutor. Each 
tutorial session should be related to the lecture which just precedes it. Tutorial 
problems should be short so that students know that they will be able to solve them in 
the allocated time. 
 
The Role of Assessment 
The use of continuous assessment was preferred by students as a means of obtaining 
feed-back and hence improve understanding of the topic. Final examination seems to 
play a large part in what is learnt, as well as with respect to the leaning process itself. 
In this particular topic, students appear to be almost totally driven by the final 
examination. The subject matter is not part of the ‘core’ of civil engineering 
disciplines. Therefore, students may be more inclined to look upon it as interesting but 
not essential material for a future career. This may partly explain their almost total 
focus on assessment as the driving force behind learning effort and process. However 
these group discussions suggest the assessment driven learning is very widespread. 
For example, one group discussed at length the fact that the entire course is not 
structured in a way which is conductive to learning (‘we learn to get marks, not to 
understand it’). The time pressure means that what is not assessable is not learnt, and 
what is learnt is done to maximise final marks. 
 
 
Conclusion 
The groups of students discussed the way in which they learnt two very different 
topics within Civil Engineering. With this information it was possible to: identify and 
describe the different conceptions of learning held by students in relation to specific 
engineering phenomena; compare students’ conceptions with lecturers’ conceptions; 
and to investigate the implications of these findings for curricula development in Civil 
Engineering. 
 
In summary, the study identified three different, yet interrelated, ways in which 
learning was conceptualised by a group of Civil Engineering students and two of their 
lecturers. At the most fundamental level the students saw learning as aquiring 
knowledge for the purpose of getting a qualification and securing employment. 
Consequently, where there was little perceived relevance, as with some students in 
Case 2, they adopted a surface approach to learning (Biggs 1979). This was 
characterised by an emphasis on the content to be assessed and by a concentration on 
the literal aspects of the tasks. Where the students were involved with content more 
directly in line with their expectations, as in Case 1, their learning was more holistic. 
Within this deeper frame-of-reference they focussed on relationships and the ‘reality’ 
of the situation. This is exemplified in the following extract from the students’ 
discussion: 
  
“That’s like some of the subjects; you’re given work to learn that is a 
small picture of a bigger picture. For me, I can’t understand the small 
part unless I’ve got an idea of the overall where it fits in.” 
 
For both lecturers this was the approach to learning that they sought to encourage. In 
general, the lecturers’ saw learning as acquiring knowledge for the purpose of being 
able to act in a professional (expert) manner. With this conception teaching focussed 
on the content related specifically to the discipline. Through note taking, questioning 
and revision, and problem solving discipline – specific information was understood to 
be absorbed. Learning in the context was viewed to be effective when the information 
absorbed was appropriately applied to various ‘real world’ problems. In some 
respects this is linked to a second conception where learning is understood as a 
cognitive process. While, in the previous conception, the focus was on the particular 
content relevant to engineering practice, with this conception the focus was on the 
cognitive process of problem solving. For both the lecturers and students effective 
problem solving was understood to demand active encouragement in practical 
situations. This is further related to a conception of learning as developing 
professional competence. In this respect, competence was conceptualised as the 
ability to effectively utilise previously acquired knowledge in new situations. 
 
In conclusion, the study highlighted the necessity for lecturers to understand the 
factors motivating students to learn. The overall achieving approach adopted by most 
students was shown to be related to their expectations of their role in the discipline. 
With the emphasis in teaching on active learning using ‘real world’ examples students 
were able to incorporate within their achieving goals a deeper approach to learning. 
The study also highlighted other factors which supported a deeper approach to 
learning. These included: the need for the lecturer to be available to answer questions 
either during the lecture or afterwards; the need for ‘note taking’ by the students 
themselves during the lecture, and hence the requirement that lecturers provide the 
opportunity for this to occur; and, the need for lecturers to consider more closely the 
impact of assessment and workload, on how students approach learning. 
 
 
Reference 
Biggs, J. (1979). Individual Differences in Study Processes and the Quality of 
Learning Outcomes, J. Higher Education, 8, 381-394 
 
Marton, F (1983). Beyond Individual Differences, J. Educational Psychology, 3, 289-
303 
 
Saljo, R. (1988). Learning in Education Settings: Methods of Enquiry. In P Ramsden 
(Ed), Improving Learning: New Perspectives, Kogan Page, London 
 
ACKNOWLEDGEMENTS 
 
The authors would like to thank all the third year Civil Engineering students who took 
part in the group discussions for their valuable contribution to this project. 
 
 
